The phylogeny of the Hydroporinae is investigated in a cladistic analysis emphasizing placement of the genus Peschetius Guignot, historically placed in the tribe Hydroporini. Sixty-nine adult and larval morphological characters were coded for 61 species of Hydroporinae representing eight of the nine tribes. Cladistic analysis of the data resulted in 396 most parsimonious cladograms (length = 176, CI = 46, RI = 80). The results indicate that the genus Peschetius is the sister group to the tribe Bidessini based mainly on an unambiguous character, the presence of a prominent internal spermathecal spine, and several other more ambiguous or homoplasious characters. The tribe Bidessini is expanded to include the genus Peschetius, and it is formally transferred from the tribe Hydroporini. Other results indicating interesting relationships of tribes and genera within Hydroporinae are also discussed. 
Introduction
The genus Peschetius Guignot is a small genus of nine species occuring in Africa (predominantly south of the Sahara) and Asia (India, Pakistan and Nepal) . Little is known about the biology of most species, but they are generally found in lotic situations including relatively large or sandy rivers. The diagnostic morphology of the group is unusual in several respects including a deeply foveate region between the metacoxal lines ( Fig. 2) , a tectiform abdomen (Figs 2-3), a relatively broad elytral epipleuron ( Fig. 2) , conspicuous basal abdominal punctation (Fig. 2) , and a strongly bicarinate elytral surface (Figs 1, 3) .
Relationships between Peschetius and other hydroporine taxa have remained somewhat enigmatic, though its placement somewhere within the tribe Hydroporini has never been seriously doubted. Guignot (1935) suggested the genus may be related to the Australian genera Megaporus and Antiporus. Balfour-Browne (1946) also suggested the genus is most closely related to some Australian Hydroporini, including Antiporus and Necterosoma. A recent revision of the genus (Biström and Nilsson 2003) provided a review of the taxonomy, diagnoses of the genus and each of nine species, and a cladistic analysis of taxa within Hydroporinae supporting the monophyly of Peschetius and its sister-group relationship with Necterosoma MacLeay or Derovatellus Sharp. This work clarified considerably the taxonomy and morphology of the species. However, the cladistic analysis included relatively limited taxon sampling within Hydroporinae (e.g. no members of the tribes Hyphydrini, Hydrovatini or Bidessini were included), suggesting that an additional, more comprehensive analysis could result in an alternative taxonomic placement of this genus, especially when regarded in light of new character evidence discovered during the early stages of this project.
Members of Peschetius possess a prominent spermathecal spine (Fig. 37) , a feature diagnostic of the tribe Bidessini based on a cladistic analysis by Miller (2001) . Presence of this spine in Peschetius could indicate its close relationship with Bidessini. Alternatively, the spine could be independently derived, a rather intriguing scenario given the complexity of this character. The genus does possess other diagnostic features that are uncharacteristic of Bidessini including the lack of bisegmented male lateral lobes of the aedeagus (a condition also present in Amarodytes Régimbart (Biström 1988; Miller 2001 , but see Benetti & Régil Cueto 2004 and various less discrete features that seem to associate the genus with the "austral" hydroporine genera, as suggested by other researchers (Balfour-Browne 1946; Biström & Nilsson 2003; Guignot 1935) . These character states may instead be plesiomorphies and have not been adequately tested in a cladistic analysis. The analysis by Biström and Nilsson (2003) did not include the spermathecal spine character nor members of Bidessini. The goal of this project is to present a cladistic analysis to resolve the phylogenetic placement of Peschetius by sampling a relatively broad range of characters and taxa. Also, this is the first attempt at a relatively comprehensive phylogeny for the tribes and genera of Hydroporinae. Although there are a large number of hydroporine genera not included in this analysis, the characters presented here may be of use for future analyses of hydroporine groups.
Material and methods
Taxon sampling. -Members of Peschetius were included along with 55 additional exemplar species from throughout Hydroporinae. All tribes of Hydroporinae are represented except Carabdytini. Taxa were more thoroughly sampled from Hydroporini and Bidessini since preliminary iterations (and historical taxonomic conclusions) indicated Peschetius may be closely related to taxa within these groups. The trees were rooted using Laccornis, since this taxon has been shown to be sister to the remaining Hydroporinae (Miller 2001; Wolfe 1985 Wolfe , 1988 . Exemplar species are listed in Appendix 1.
Character analysis. -Data matrix was created and edited using WinClada (Nixon 1999 (Nixon -2002 . Data were analyzed using the program NONA (Goloboff 1995) spawned by WinClada heuristics. The commands "hold 10000", "hold/20", "mult*50" and "max*" were used to find the most parsimonious trees. Character state distributions were examined under various optimizations using WinClada. Trees were viewed and the strict consensus calculated using WinClada. Bremer support values (Bremer 1994) were calculated using NONA by reading in the consensus of the most parsimonious cladogram and using the commands "hold 10000," "suboptimal 20," and "bsupport 20". The character matrix is presented in Appendix 1.
Head

1.
Occipital line: 0) absent; 1) present (Fig. 6 ).
This feature has been used extensively in the classification of genera in the tribe Bidessini (Biström 1988). 2. Number of sensilla on apical labial palpomeres: 0) One (Fig. 14) ; 1) Two (Fig. 15) ; 2) Three (Fig. 16) ; 3) Four (Fig. 17) . Biström et al. (1997) discussed this character in relation to members of the tribe Hyphydrini. The majority of hydroporines have two sensillar areas at the apex of the terminal labial palpomere (Fig. 15 ) which may be closely approximated to widely separated. In some cases, the apex of the palpomere is bifid. Several taxa appear to have a single sensillar area (Fig. 14) , though it appears that two regions may be somewhat incompletely fused. Others (e.g. Hyphydrus Illiger (Fig. 16) (Fig. 19 ); 1) with prominent closed or nearly closed pore (Figs 20, 21) . This character was introduced by Wolfe (1985 Wolfe ( , 1988 as a useful grouping character in Hydroporinae. In some taxa there is a V-shaped emargination ("notch") ( Fig. 19) at the anterolateral angle of the prosternum (where it meets the pronotal epipleuron). In other taxa this emargination is closed (or nearly closed) anteriorly forming a pore (Figs 20, 21) . 12. Prosternal pore: 0) submarginal (Fig. 20) ; 1) located posteromedially (Fig. 21) . Members of Vatellini have the prosternal pore located more posteromedially than other Hydroporinae (Fig. 21 ). 13. Prosternal process prominence: 0) absent; 1) present (Fig. 19) . Many Hydroporinae have a distinct prominence medially between the prosternal process and the prosternum. Some taxa are somewhat ambiguous for this character, but in general, all taxa can be assigned to one state or the other. 14. Prosternal process: 0) not reaching metasternum (Fig. 22) (1985, 1988) used this feature as evidence for the close relationship between these taxa. 26. Subapical spines: 0) absent in both sexes; 1) present only in female (Fig. 12) ; 2) present in male and female (additive) (Fig. 9 ). Several taxa have the posterolateral margins of the elytron bearing a prominent tooth or expansion in the female or both male and female. 27. Basal elytral plicae: 0) absent (Figs 7-10); 1) present (Fig. 5, 6 ). This character has been used in the classification the Bidessini where it varies among genera (Biström 1988). 28. Sutural stria on elytron: 0) absent; 1) present (Fig. 5 ). This character also has been used to classify bidessine genera (Biström 1988 
Female genitalia
54. Gonocoxae fusion: 0) separated dorsally; 1) slightly fused dorsally (Fig. 40) ; 2) strongly fused dorsally (Fig. 39, 42 ) (additive). In most taxa, the gonocoxae are entirely separated and apparently independently movable. In a few taxa (especially members of H. (Coelambus) (Fig. 40) ), the gonocoxae are fused dorsally, but not strongly and there is some flexibility between the sclerites. In some taxa (e.g. Hydrovatus (Fig. 42) ), the gonocoxae are entirely fused dorsally into a single unit. 55. Receptacle: 0) absent (Figs 38, 41, 42, 48) ; 1) present (Figs 37, 39, 40, (43) (44) (45) (46) (47) 49, 50) . In many members of the Hydroporinae there are two primary bulbous chambers along the spermathecal duct. The spermatheca is one of these, and the other has been called the "receptacle" (Miller 2001) . It comes in a variety of sizes, shapes and positions. 56. Receptacle location: 0) on spermathecal duct (Figs 37, 40, 43, 46, 47, 50) ; 1) on bursa (Fig.  44) ; 2) on spermatheca (Figs 39, 45, 49) . The receptacle apparently occurs in several positions. Most frequently it occurs as a lobe extending off the spermathecal duct. It also occurs on the bursa in some taxa and attached to the spermatheca in other taxa. 57. Receptacle: 0) not small, lobe-like (Figs 49); 1) small, lobe-like (Figs 39, 45) . In several taxa the receptacle occurs as a distinct, small lobe. In others, it is much larger and more broadly attached to the spermatheca. 58. Laterotergite: 0) absent; 1) present (Figs 38, 48) . Wolfe (1985, 1988) presented the absence of the laterotergite as evidence for a basal position of Laccornis (which has laterotergites, Fig. 38 ) within Hydroporinae. A prominent structure that appears to be a laterotergite is also present in Pachydrus (Fig. 48) and Heterhydrus Fairmaire. 59. Spermathecal spine: 0) absent; 1) present (Figs 37, 43) . This character was presented as a synapomorphy for Bidessini (including Amarodytes) by Miller (2001) . A prominent spermathecal spine also occurs in Peschetius (Fig. 37) . 60. Triangular spermathecal process: 0) absent; 1) present (Fig. 47) . Members of Vatellini have a prominent, flat, apically expanded structure extending from near the point at which the fertilization duct arises from the spermatheca. 61. Rami: 0) not characteristically modified; 1) elongate curved, apically fused and together apically rounded (Fig. 46) ; 2) short, strongly curved and apically pointed. (Fig. 54) ; 1) apically expanded, shallowly multilobed (53); 2) with five or more long, finger-like lobes (Figs 51, 52, 55). Nonadditive. The structures associated with the proventriculus in Dytiscidae were examined and characterized by Balfour-Browne (1934 , 1935 , 1944 . Members of the Deronectes-group of genera have the apex of the transverse tooth broadly expanded and shallowly lobed (Fig. 53) Peschetius) have papillae laterally on the anterior crushing section of the proventriculus to varying degrees (Fig. 51) .
Larva (Instar III)
66. Urogomphus one: 0) without secondary setae; 1) with secondary setae. 67. Abdominal spiracular openings: 0) absent; 1) present. 68. Venter of abdominal segments: 0) 7-8 sclerotized; 1) 6-8 sclerotized; 2) 4-8 sclerotized; 3) 2-8 sclerotized. 69. Natatory setae on legs: 0) absent; 1) present.
Results
The cladistic analysis resulted in 396 most parsimonious trees (length = 176, CI = 46, RI = 80, Fig.  56 ), the consensus of which is shown in Fig. 57 . Only a single exemplar of the genus Laccornis was included and it was used to root the tree, so monophyly of the tribe Laccornini was not tested. However, monophyly of the other included hydroporine tribes was. Of these groups, the tribes Methlini, Hydrovatini, Bidessini, Vatellini, and Hyphydrini (including Pachydrus) are monophyletic (Figs 56, 57) . Hygrotini is paraphyletic with respect to Hydrovatini (Hygrotus sensu stricto is resolved as sister to Hydrovatini) (Figs 56, 57) . Hydroporini is not monophyletic (Figs 56, 57) .
The genus Peschetius is resolved as the sistergroup to members of the tribe Bidessini (Figs 56, 57) . This result is supported by relatively high Bremer support values (BS = 4 with a range of BS = 1-11 in the analysis), and it is supported by the spermathecal spine character (Char. 59, Figs 37, 43) , proventriculus (Chars 64, 65; Figs 51-55) and several additional characters which are more ambiguous and/or homoplasious.
Conclusions
The resolution of Peschetius as sister group to Bidessini (Figs 56, 57) is not unexpected given the particularly convincing nature of the spermathecal spine character (Char. 59, Figs 37, 43) (2001) regarded the newly-discovered female spermathecal spine as a compelling character uniting Bidessini and Amarodytes in a cladistic analysis, and that character was used to define the tribe, making Amarodytes the most basal member (though see Benetti & Régil Cueto (2004) for evidence that at least some members of Amarodytes have a bisegmented male lateral lobe). Here, Amarodytes was found to also have a transverse proventricular tooth similar to other Bidessini (Fig. 52) . Hydrodessus (not included in this analysis) lacks a spermathecal spine and remains inserta sedis. With the definition of Bidessini including those Hydroporinae with a spermathecal spine, Peschetius is necessarily included in Bidessini. Therefore, we formally transfer Peschetius from Hydroporini to Bidessini.
Several other conclusions can be reached regarding the phylogeny of groups within Hydroporinae, some of which help resolve long-standing controversies about relationships. The most obvious result is the conspicuous polyphyly of the Hydroporini. This tribe has been increasingly subdivided in the light of improved phylogenetic analyses and the exploration of novel character systems. Given the results presented here (Figs 56,  57 ), it appears that Hydroporini currently represents a residual assemblage of genera after the other tribes of Hydroporinae are recognized. The most interesting result may be the placement of a number of genera in Hydroporini at the base of Hydroporinae (Figs 56, 57 ). This has previously been suggested for other genera previously placed INSECT SYST. EVOL. 37:3 (2006) Phylogeny in Hydroporini. For example, Laccornis was first described as a subgenus of the genus Hydroporus Clairville, which was, at that time, a very large, heterogeneous group. It was elevated to tribe status and placed at the base of Hydroporinae by Wolfe & Roughley (1990) based mainly on characters from the female genitalia. At least two of the other basal taxa, Laccornellus and Canthyporus, have historical taxonomic affinities with Laccornis, suggesting that others have recognized similar plesiomorphic characters for grouping these taxa. Members of the austral Neotropical Laccornellus were originally placed in Laccornis before being removed from that taxon and placed in a new genus of Hydroporini by Roughley & Wolfe (1987) . Canthyporus is an enigmatic Ethiopean group with a historically regarded affinity with Laccornis. At least one species, Canthyporus sigillatus (Guignot) was described in Laccornis. Also, Canthyporus and Laccornellus have been regarded as closely related (Nilsson 1991) . Thus, the basal placement of these taxa may not be entirely unexpected given their historical association with Laccornis.
Wolfe (1985, 1988) proposed a basal position for Methlini which is well supported by this analysis (Figs 56, 57) . He also proposed a sister-group relationship between Methlini and Hydrovatus based mainly on the structure of the apex of the abdomen and elytra. In these taxa, the posterior end of the body is conspicuously acuminate. This relationship is not supported by this analysis. Instead, Hydrovatus is resolved well within the more apical clades of Hydroporinae as sister group to Queda (Fig. 56, 57) , which lacks the posterior acumination. The relationship between Queda and Hydrovatus was originally proposed by Sharp (1882) when he described Queda based mainly on the posteromedial lobes and margins of the metacoxae. Although doubted by Wolfe (1985; 1988) , the relationship between Queda and Hydrovatus (as the only members of Hydrovatini) was maintained by Biström (1990 Biström ( , 1996 . This analysis strongly supports the relationship of Queda as sister to Hydrovatus based on the broad apex of the prosternal process (Char. 15, Fig. 13 ), the very distinctively shaped metafurca (Char. 18, Fig. 24) , the distinct lateral concavity of the medial portion of the metacoxae (Fig. 40) , and other more ambiguous or homoplasious characters. Based on these results, there can be little doubt that Hydrovatini is monophyletic. Although not tested in this analysis, Hydrovatus is apparently monophyletic based on the characteristic female genitalia (gonocoxae fused medially into a knifelike structure and with long, lateral rami anteriorly, Fig. 42 ) and the posteriorly acuminate body form (Figs 10, 13) . Queda is monophyletic based especially on the similarity of the female gonocoxae which are apically expanded into three lobes (Fig. 41) . This is based on observation of Q. youngi Biström (Fig. 41) and Q. hydrovatoides Sharp (not figured). Queda compressa Sharp was not observed.
The paraphyly of Hygrotus was proposed in an earlier analysis (Miller 2001) , and this is confirmed here (Figs 56, 57) . Specifically, Hygrotus s. str. is resolved as sister to Hydrovatini with Hygrotus (Coelambus) as sister to this clade. The genus group Coelambus is generally recognized as a subgenus by North American (e.g. Larson et al., 2000) and northern European (e.g. Nilsson and Holmen 1995) workers but as a genus by southern European taxonomists (e.g. Pederzani 1995). This analysis indicates that the two should be recognized as separate genera. Based on a previous analysis (Miller 2001), the seemingly intermediate H. laccophilinus (LeConte) (and probably H. sylvanus Fall) belongs to Hygrotus. Although it is unnecessary for us to make a formal change since each of the alternative taxonomies of these two groups has been used extensively in the literature, we advise taxonomists to use these two groups at the genus rank. Furthermore, our analysis indicates that Hygrotini as currently defined is paraphyletic with respect to Hydrovatini.
Other conclusions regarding relationships of groups within Hydroporinae that are of note include; 1) the placement of Pachydrus with members of Hyphydrini, further supporting the synonymy of Pachydrini with Hyphydrini (Miller 2001), 2) the relationship of the Australian genera of Hydroporini to Hyphydrini, 3) the close relationship between Hygrotini and Hydrovatini, and 3) the nesting of Vatellini within a group of Hydroporini (Figs 56, 57) . With regard to the latter, the Vatellini is strongly supported, but its placement in the phylogeny of Hydroporinae is not, so at present we prefer not to expand the definition of this tribe.
It is obvious from the results of this analysis that a tribal reclassification of the Hydroporinae (especially the subdivision of Hydroporini into many additional tribes) is required. However, given the dramatic and disruptive nature of these changes, we think it would be prudent to wait until additional data, including additional important exemplar taxa, are included to better test some of these relationships within the subfamily. Appendix 1. Data matrix of assigned states of 69 characters for 61 species of Hydroporinae. Characters marked with "+" are treated as additive.
Characters coded as "-" are inapplicable. Characters coded with "?" are unobserved.
0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 
